Net fluid transport was measured in denervated jejunal segments of rats infected with larvae of Nippostrongylus brasiliensis. On days 6-9 after nematode inoculation, when the jejunal segment exhibited macroscopic and microscopic signs of inflammation, net fluid absorption was noticeably attenuated compared with control, and in eight of 26 experiments a net fluid secretion was seen. To determine whether enteric nerves participated in the response, intravenous hexamethonium (10 mg/ kg body weight) was given or lidocaine (1% solution) was placed on the serosa of the intestinal segment. Both drugs significantly reduced fluid secretion or increased fluid absorption. The effect was more pronounced the lower the rate of fluid absorption or the higher the rate of fluid secretion. The inflammatory response influenced intestinal fluid transport partly via activation of the enteric nervous system. It was estimated that 50-60% of the change in fluid transport caused by the parasite could be ascribed to activation of intramural nervous reflexes. The effect of hexamethonium indicates that a cholinergic synapse is present in the secretory nervous reflux activated by inflammation. Experiments were also performed on animals on days 11-14 after infection when the nematodes had been expelied from the animal. A large net fluid absorption was then recorded.
During the past decade evidence has been accumulating that fluid secretion in the small intestine is often evoked via stimulation of the enteric nervous system (ENS). This was originally suggested by the work of Cassuto et al, who, in a series of reports, showed that secretion evoked by cholera toxin in anaesthetised rats and cats was mediated to a large extent via the ENS.I It was subsequently shown that this was also the case for intestinal secretion caused by the heat stable enterotoxin from Escherichia coli, certain bile salts, ricinoleic acid, serotonin, and prostaglandin E2 (for reviews consult Lundgren et all and Jodal6).
The role of the ENS in the secretory response to 5-hydroxytryptamine and prostaglandins suggested that nerves may also be involved in secretory states accompanying an inflammatory response. This proposal was tested in rat experiments by Brunsson, 7 who showed that the fluid secretion evoked by an invasive strain of Salmonella typhimurium (R5) was turned into absorption after giving intravenous hexamethonium or by exposing the intestinal serosa to lidocaine, a local anaesthetic.
This study was designed to investigate further the relationship between inflammation and fluid transport in the small intestine of the rat. For this purpose rats were inoculated with Nippostrongylus brasiliensis by injecting the parasites subcutaneously. On day 3 the nematodes reach the small intestine and on days 6-8 an inflammatory response in the jejunum is seen. Ten to 12 days after inoculation, the worms are expelled from the small intestine and the inflammatory response fades away. Fluid transport was measured in vivo in rats before and after expulsion of the parasite and the possible involvement of ENS in the response was tested pharmacologically.
Methods

ANIMALS
Sprague-Dawley rats (Alab AB, Stockholm, Sweden) weighing 300-400 g were given a subcutaneous injection of 6000 larvae of Nippostrongylus brasiliensis in 0 5 ml saline. Rats were housed in standardised environmental conditions (22°C, 60% humidity, light 6-00-18.00 hours). The animals were studied on days 6-9 or 11-14 after being injected with larvae.
ANESTHESIA AND OPERATIVE PROCEDURES
Anaesthesia was induced by mebumal (60 mg.kg-1 body weight) and maintained with chloralose (100 mg.kg-1 bw) as a bolus plus 20 mg.h-l.kg-1 body weight as an infusion.
A tracheotomy was performed and a tracheal cannula was inserted to maintain a free airway. Catheters were inserted into the femoral artery and vein for blood pressure recordings and drug administration, respectively. To prevent acidosis due to the operative trauma an infusion of a glucose-bicarbonate solution (see below) was given intra-arterially at a rate of 0 03 ml.min-l. A Statham pressure transducer (Model P23AC) was connected to the arterial catheter and arterial pressure was continuously recorded on a Grass polygraph.
The abdomen was opened by midline incision. A 5 to 10 cm long segment of the jejunum was selected. In the experiments performed on days 6-9 after injecting the larvae, the part of the jejunum with the most severe signs of inflammation was selected for the experiment. The remainder of the small intestine and the colon were removed. All nerves in the tissues around the superior mesenteric artery were cut, thereby accomplishing denervation of the extrinsic autonomic nervous supply to the intestinal segment.
The rat was placed on a thermistor controlled operating table. The rat, except for its head and the opening of the tracheal cannula, was then placed in a plastic box. In the box the humidity was high and the temperature was maintained at 35°C by a lamp outside and a thermocouple sensor inside. The temperature of the animal was monitored continuously by a thermocouple thermometer in the mouth. In this way body temperature was kept constant and the evaporation of water from abdominal tissues was minimised.
RECORDING OF INTESTINAL NET FLUID TRANSPORT
Net fluid transport was measured in two ways. In some experiments net fluid transport was measured by the method originally described by Cassuto et al.8 The intestinal segment, covered by a thin plastic sheet, was placed on a plastic plate specially designed for this purpose. The distal end of the intestinal segment was connected via a plastic tube to a basin on the plate. This allowed free passage of fluid in and out of the segment, confirmed by flushing the segment via a cannula in the proximal end. The plastic plate was suspended 3-5 mm above the abdominal wall from a force displacement transducer (Grass FT3C).
The other method used for fluid transport measurements was similar to the one just described, the only difference being that the segment was continuously perfused at a rate of 0 -1 ml.min-l by a pump (Isamatec, Switzerland) via a closed system connecting the two ends of the segment. The system contained a reservoir (volume 25 ml) to minimise recirculation (for details, see Jodal et al9).
Net fluid transport was considered to be equal to changes in the intestinal weight, which was continuously monitored by connecting the force transducer to a Grass polygraph. Net fluid transport was calculated from registration periods lasting for at least 15 minutes and related to the serosal surface area measured after the experiment. Net fluid transport was expressed as Wlmin-1.100 cm 2 serosa.
EXPERIMENTAL PROCEDURES
A constant net fluid transport was recorded for 30-60 minutes. Hexamethonium (10 mg/kg) or atropine (0-25 or 0 5 mg/kg) was injected intravenously and fluid transport was followed for another hour. In the lidocaine experiments a 1% solution of the drug was applied to the serosal surface (0 5 mg/cm intestine). Net fluid transport was measured in 26 rats on days 6-9 after they had been infected with the parasites. In nine animals the experiments were performed on days 11-14 after infection. Since rates offluid transport were similar, regardless of the method used for estimating fluid transport, the results from the two methods were pooled. Figure 1 and Table I show net fluid transport measured during control conditions lasting for at least 45 minutes in rats injected with the larvae and in those not exposed to the nematode (control rats; Fig 1) . Compared with the control animals, both groups of infected rats exhibited a significantly different fluid transport. On days 6-9 fluid transport was lower than in the control rats (p<0-01), and on days 11-14 it was significantly greater (p<0-01).
Net fluid transport on days 11-14 after infection was significantly higher than that seen on days 6-9 (p<0-0001). In eight of 26 animals a net fluid secretion was seen on days 6-9. In three other experiments fluid transport in the jejunum was nil. In all experiments performed on days 11-14 a high rate of net fluid uptake was recorded.
An attempt was made to determine if fluid transport varied between days 6 and 9. It can be seen in Table I that the average rate of fluid transport reached a minimum value of 6 il.min-1.100 cm-2 on day 7. The variation between animals was so large, however, that no statistically significant difference could be shown between the observed transport rates.
To investigate whether the ENS was involved 2Jodal, Wingren,Jansson, Heidemann, Lundgren (16) [il.min-1.100 cm-2 (mean (SEM); n= 10). In another type of experiment performed on days 6-9 after inoculation of the animals with the parasite, the serosal surface of the inflamed segment was exposed to lidocaine (1% solution). Experiments were performed on 11 rats. In eight animals lidocaine decreased fluid secretion or increased fluid absorption (Table II, Fig 2) . In control rats lidocaine increased the fluid uptake from 74 (11) to 93 (16) p.l.min-1.100 cm-2 serosal surface (n=5). This effect was not statistically significant.
The quantitative effects of the drugs were related to the rate of fluid secretion or absorption. The drug was most effective when fluid absorption was low or when the intestine was secreting, as is apparent in Figure 2 , in which the change in fluid transport evoked by hexamethonium or lidocaine is plotted versus the rate of net fluid transport recorded before giving the drug. The correlation coefficient between these two variables was 0 72 (p<0 01).
In four experiments performed on days 6-9 after inoculation, intravenous atropine (0 25 or 0 50 mg.kg-1) was given. No Observations made in vitro on stripped intestinal preparations generally agree with the present findings. Perdue et al measured basic electrical parameters in the rat small intestine in Ussing chambers during experimental conditions similar to those in this study.'7 The short circuit current (SCC) rose significantly from day 4 to 7 after inoculation, reaching a value twice that of control in the face of an unchanged electrical conductance. Radioactive tracer studies suggested that the increase in the SCC reflected a change in sodium and chloride transport from net absorption to net secretion. On day 21 the monitored electrical parameters were back to control values. Taken together the results from the in vivo and in vitro studies summarised above clearly indicate that the epithelial absorptive capacity of the rat jejunum is appreciably reduced during the days preceding the expulsion of the parasite.
Castro et al used another parasite, Trichinella spiralis, to study the effect of intraluminal parasites on intestinal functions, including fluid and electrolyte transport in vivo. In agreement with our findings, they showed that the rat intestine secreted fluid on day 5 after parasite administration. On day 30, when the nematodes had been expelled from the gut, fluid transport was back to control values. '8 The results of this study clearly suggest that the decreased fluid transport seen in the jejunum on days 6-9 after inoculation was at least partly mediated via activation of the enteric nervous system. This conclusion is based on the experimental results obtained with hexamethonium and lidocaine. The relative extent ofinvolvement of the enteric nerves is difficult to ascertain since for technical reasons no control fluid absorption was recorded in the present animals before exposure to the parasite. A rough calculation can, however, be made based on the rate of fluid absorption observed in the control rats. It was about 80 il.min-'.100 cm 2 after administration of hexamethonium or lidocaine. From the results reported in Table II and the correlation in Figure 2 , it can be calculated that about 50% of the observed change in fluid transport was mediated via the ENS, when net fluid absorption had stopped. With increasing rates of secretion an increasing fraction of the change in fluid transport caused by the nematode was mediated by nervous mechanisms.
Mucosal mast cells in the rat intestine are drastically affected by an infection with Nippostrongylus brasiliensis. A reduction in number occurs as the larvae infect the intestine. After about a week a dramatic increase in numbers occurs parallel to the elimination of the nematode. '9 During the initial phase, newly formed mast cell components such as histamine, serotonin, prostaglandins, and leukotrienes may be released. These substances are all known to be mediators of inflammation and are at least partly responsible for the macroscopically obvious inflammation of the intestine on days 6-9. They may also participate in the activation of the enteric nervous system. Brunsson7 studied the effect of an acute inflammatory response in an experimental model using an invasive strain (R5) of Salmonella typhimurium. Net 
